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[10191/3638] 

METHOD FOR MONITORING AN INTERNAL COMBUSTION ENGINE 
Field of the Invention 

The invention relates to a method for monitoring an internal 
combustion engine in which fuel is injected directly into at 
least one combustion chamber in at least two partial amounts 
5 via at least one final controlling element, in which, at least 
on the basis of a fuel mass injected and/or to be injected, an 
actual torque of the internal combustion engine is determined, 
such actual torque then being compared with a permissible 
torque of the internal combustion engine, and an error 
10 response being initiated when the actual torque is in a 
predefined ratio to the permissible torque. 

The invention further relates to a corresponding application 
of the method for monitoring an internal combustion engine as 
15 well as a corresponding device. 

Description of Related Art 

Modern internal combustion engines are equipped with engine 
2 0 controllers which control the power output and torque of the 

internal combustion engine by regulating particular parameters 
as a function of input variables. Multiple monitoring measures 
to ensure the safe operation and the availability of the 
internal combustion engine must be provided to prevent 
25 malfunctions, in particular malfunctions of the electronic 
control unit for the engine controller, 

Backgiround Information 

30 DE 199 00 740 [ [Al] ] introduces a method and a device for 
operating an internal combustion engine which is operated 
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using a lean air/fuel blend under certain operating 
conditions. The fuel mass to be injected, and/or the injection 
time to be used is determined on the basis of a setpoint 
value. In order to monitor operability, the actual torque of 
5 the internal combustion engine is determined on the basis of 
the fuel mass to be injected and/or the injection time which 
has been or is to be determined, compared with a maximum 
permissible torque, and an error response is initiated if the 
actual torque exceeds the maximum permissible torque. 

10 According to DE 199 00 740 Al, the fuel mass to be injected is 
determined on the basis of the injection time, which is 
transmitted from the controller, and possibly additional 
variables such as the fuel pressure. The fuel mass thus 
determined is converted to a transmitted engine torque which 

15 is corrected taking into account efficiencies such as, for 
example, the injection time efficiency. At the same time, a 
variable representing the oxygen concentration in the exhaust 
gas is compared with at least one predefined threshold value 
and an error response is initiated if it exceeds the threshold 

20 value. 

DE 101 23 035.4 (not a prior publication) discloses an 
internal combustion engine in which fuel metering may be 
divided into at least one first partial injection and a second 

25 partial injection. During the second partial injection, a fuel 
quantity variable, which characterizes the fuel quantity that 
is injected during the second partial injection, is corrected 
on the basis of at least one pressure variable, which 
characterizes the fuel pressure, the fuel quantity variable, 

30 and at least one additional variable. 

Obj ec t Summary Of The Invention 

The object of the present invention is to provide a method for 
35 monitoring the torque of an internal combustion engine 
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according to which fuel metering is divided into at least one 
first partial injection and a second partial injection. 



Achievement of th e Object and Advantages of the Invention 

5 

The object is achieved by a method for monitoring an internal 
combustion engine in which fuel is injected directly into at 
least one combustion chamber in at least two partial 
injections via at least one final controlling element, in 

10 which an actual torque of the internal combustion engine is 
determined at least on the basis of a fuel mass injected 
and/or to be injected, such actual torque is then compared 
with a permissible torque of the internal combustion engine, 
and an error response is initiated if the actual torque is in 

15 a predefined ratio to the permissible torque, and in which a 
total fuel volume of all partial injections is taken into 
account for the determination of the fuel mass that has been 
and/or is to be injected. 

20 This measure according to the present invention provides a 

highly advantageous method for torque monitoring which takes 
into account multiple partial injections and may be applied in 
any operating situation. 

25 A fuel volume of a partial injection is advantageously 

determined at least on the basis of an actuation period of the 
final controlling element in question and a pressure acting on 
the fuel. A variable defining the actuation start may be 
considered instead of or in addition to such pressure. This 

30 may be performed, for example, via a characteristic map that 
is stored in the control device of the internal combustion 
engine and applied specifically to the partial injection to 
which it relates. If the final controlling element is designed 
as an injector, the corresponding fuel volume value is derived 

35 from the characteristic map on the basis of input variables 
including the actuation time of the injector in question and 
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the pressure acting on the fuel (in common rail internal 
combustion engines, this is the rail pressure in the common 
rail) . If the final controlling element configured as a unit 
injector system or a unit pump system, the actuation start is 
5 used instead of the pressure . 

The total fuel volume of a combustion cycle may then be 
determined from the sum total of the fuel volume of all 
partial injections. Based on this total fuel volume, a fuel 
10 mass may be determined via a known fuel density. 

An advantageous refinement of the present invention provides 
that the determined fuel volume of a partial injection is 
corrected depending on an actuation start of the injector in 

15 question. Such correction is advantageously done using a 

correction factor that is derived from an injection efficiency 
characteristic map which is a function of the actuation start. 
This refinement offers the great advantage of considering the 
possibly non-linear correlation between the actuation start of 

20 the injector and the attained torque effect achieved. In view 
of the current state of development of modern internal 
combustion engines having exhaust af tertreatment systems this 
is a beneficial approach, for in such engines a modified 
actuation start does not necessarily influence the torque 

2 5 generated by the internal combustion engine but may merely 

cause a rise in the temperature of the exhaust gas. 

According to a particularly advantageous refinement of the 
present invention, the previously determined fuel mass is 

3 0 linked to a wave correction mass to yield a corrected fuel 

mass. This may be achieved, for example, by subtracting the 
wave correction mass from the previously measured fuel mass. 
This correction provides a highly advantageous method for 
taking into account wave phenomena that might occur in a high 
35 pressure injection system such as a common rail system, in the 
feed line from the fuel reservoir to the injector, and 
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influence the fuel mass injected during the injector actuation 
time. The wave correction mass is advantageously deteirmined on 
the basis of at least the fuel volume of the partial 
injections and the pressure acting on the fuel. 

5 

A torque of the internal combustion engine is determined from 
the fuel mass that has been corrected in the manner described 
above together with a rotational speed of the internal 
combustion engine. This is advantageously performed via a 

10 characteristic map that is stored in the engine controller. It 
is also possible to include other influencing parameters 
besides the rotational speed of the internal combustion 
engine. According to the present invention, the determined 
torque of the internal combustion engine is linked to an 

15 efficiency correction factor to produce a corrected torque of 
the internal combustion engine. This efficiency correction 
factor particularly advantageously considers influencing 
parameters such as the temperature of the internal combustion 
engine, engine friction, oil temperature and oil quality. 

20 

The error response is then advantageously initiated if the 
actual torque is greater than the permissible torque. 

A further advantage is provided by the use of the monitoring 
25 method according to the present invention for monitoring a 
direct injection diesel engine, in particular one having a 
common- rail system and/or a unit injector system or a unit 
pump system. 



3 0 Further advantageous embodiments arise from the following 
description of exem p lary embodiments. 

Detailed Descriptions of Exemplary Embodiments Brief 
Description of the Drawings 

35 
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Figure 1 shows a first exemplary embodiment of the method 
according to the present invention [[;] ]^ 

Figure 2 shows a detail of the first exemplary 
5 embodiment [ [ ; ] ] _j_ 

Figure 3 shows a possible extension of the first exemplary 
embodiment-; — and^ 

10 Figure 4 shows a second exemplary embodiment of the method 
according to the present invention. 

Detailed Description of the Invention 

15 Figure 1 shows a first exemplary embodiment of the method 

according to the present invention for monitoring an internal 
combustion engine. The object of the method described in 
Figure 1 is to determine an actual torque, which is compared 
with a permissible torque. The method described in Figure 1, 

20 which normally runs in the engine controller of an internal 
combustion engine, assumes that certain input variables have 
been previously stored in the engine controller. These input 
variables are identified in Figure 1 by reference numbers 1 
through 7, 17, 22 and 24. 

25 

The exemplary embodiment represented in Figure 1 is described 
on the basis of various injection modes, such as are normally 
used in direct injection diesel engines. However, the method 
according to the present invention is not limited to diesel 
30 engines; it can be applied in principle to any direct 

injection internal combustion engine having multiple injection 
modes . 

The direct injection diesel engine that is monitored by the 
35 method according to Figure 1 is a common rail diesel engine in 
which the fuel for injections is available in a shared fuel 
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distributor, the common rail. From the common rail, where the 
fuel is under high pressure, the fuel travels through normally 
short, high-pressure feed lines to the injectors, which inject 
the fuel directly into the combustion chambers of the engine. 
5 The pressurized fuel available in the common rail allows 

various fuel injection modes to be used for injecting fuel 
into the same combustion chamber. These various injection 
modes may be pilot injection, main injection, or post- 
injection. 

10 

Reference number 1 in the method described in Figure 1 refers 
to instantaneous rail pressure p. Reference number 2 refers to 
the actuation period of an injector for a main injection 
ti_Main. This main injection generates most of the torque of 

15 the internal combustion engine. Reference number 3 refers to 
the actuation period of the injector for a first pilot 
injection ti_Pilotl. This first pilot injection may be 
initiated, for example, when the crankshaft is at an angle 10 
to 2 0 degrees prior to the main injection and its main effect 

20 besides generating torque is to reduce the running noise of 

the engine- Reference number 4 refers to the actuation period 
of a second pilot injection ti_Pilot2 . This second pilot 
injection may help reduce the running noise of the internal 
combustion engine but in conjunction with the first pilot 

25 injection, for example may also improve exhaust gas values. 
Reference number 5 refers to a third pilot injection 
ti_Pilot3, for example, which may be injected into the 
combustion chamber well before any of the other injections, 
thereby significantly increasing torque. Reference number 6 

30 refers to the actuation time of the injector for a first post- 
injection ti_Postl, and reference number 7 refers to the 
injector actuation time of a second post-injection ti_Post2. 
Both post -injections are primarily used to lower exhaust 
emissions and possibly to clean an N^^^ accumulator- type 

35 catalytic converter or particle filter. 
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Rail pressure p according to reference number 1 and the 
injector actuation time for main injection ti_Main, referred 
to by reference number 1, are supplied to a characteristic map 
Main (reference number 8) . Depending on the actuation time 
5 supplied and the rail pressure p, the output from 

characteristic map Main (reference number 8) is a fuel volume 
of the main injection, which is supplied to a summer 14. The 
instantaneous rail pressure p, referred to by reference number 
1, and the corresponding injector actuation times expressed as 

10 reference numbers 3 (ti_Pilotl) , 4 (ti_Pilot2) , 5 (ti_Pilot3) , 
6 (ti_Postl) and 7 (ti_Post2) are supplied to the 
characteristic maps Pilotl (reference number 9) , Pilot2 
(reference number 10) , Pilots (reference number 11) , Postl 
(reference number 12) , and Post2 (reference number 13) . The 

15 result is a fuel volume in each case, similar to the 

characteristic map 8, which is also supplied to summer 14. At 
point 15, summer 14 provides, as a result, the total fuel 
volume introduced into a combustion chamber throughout a 
combustion cycle via the injector using various injection 

2 0 modes. 

This fuel volume is then supplied to a node 16, which also 
receives the signal regarding fuel density rho from signal 
block 17. The linkage, i.e., multiplication of the fuel volume 
25 by fuel density rho 17 yields fuel mass 18. 

Fuel mass 18 is supplied to a subtracter 19, which has the 
output signal from a signal block 2 0 as a further input 
signal. A wave correction fuel mass is determined in signal 

30 block 20 and is used to compensate for waves arising in the 

high pressure line between the common rail and the associated 
injector, which occur when multiple injection modes are 
executed in rapid succession. When several injections are 
executed in rapid succession, the fuel in the high pressure 

35 line may not have fully settled by the time the next injection 
occurs. This condition causes the physical phenomenon of a 
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standing wave in the high-pressure line. The input variables 
applied to wave correction according to block 20 are 
instantaneous rail pressure p from block 1, fuel density rho 
from block 17, and the output signals from characteristic maps 
5 8, 9 and 10, on the basis of which the fuel volumes for the 

main injection as well as the first and second post -inject ions 
are supplied to wave correction block 20. The way in which the 
wave correction fuel mass is determined in block 20 will be 
described in the explanation of Figure 2 below. 

10 

As indicated previously, the output signal from wave 
correction block 20 is supplied to subtracter 19. The 
subtracter subtracts the wave correction fuel mass from the 
previously determined fuel mass 18. The resulting corrected 
15 fuel mass is supplied to a torque characteristic map 21. 

Torque characteristic map 21 also receives rotational speed n 
of the internal combustion engine from block 22 . The output 
variable from the supplied corrected fuel mass and rotational 
speed n is the torque of the internal combustion engine. 

20 

This determined torque of the internal combustion engine is 
supplied to node 23. Node 23 also receives the signal from 
block 24 . The signal from block 24 is an efficiency factor 
that is present in the engine controller. This efficiency 

25 factor takes into account certain variables including the 
temperature of the engine, the engine friction, the oil 
temperature, the oil quality and, where applicable, other 
influencing parameters. Efficiency factor 24 is multiplied by 
the previously determined torque of the internal combustion 

30 engine in node 23. The output from node 23 is the calculated 
actual internal torque of the internal combustion engine. 

This actual torque 25 is supplied to a comparison routine 26, 
in which the previously determined actual internal torque is 
35 compared with a maximum permitted internal torque of the 
internal combustion engine. If it is determined that the 
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actual internal torque is greater than the permitted torque of 
the internal combustion engine, an error response is 
initiated. Such an error response might be, for example, a 
safety cut-off of the fuel supply or limiting the rotational 
5 speed of the internal combustion engine. Limiting the 

rotational speed is preferred to possibly limiting the torque 
because the rotational speed is easier to monitor. Other error 
responses might include making an entry in an error log, 
displaying an error message to the operator of the vehicle or 
10 re- starting the engine controller. 

Determining permitted torque is known to those skilled in the 
art and may be calculated, for example, according to the 
monitor concept via a redundant torque path in the engine 
15 controller. One of the variables influencing the permitted 
torque is, for example, the operation of the gas pedal. 

Figure 2 shows in detail wave correction block 20, as was 
shown previously in the description of Figure 1. As was 

20 indicated in the description of Figure 1, the fuel volume of 
first pilot injection Pilot 1 (reference number 30) , the fuel 
volume of second pilot injection Pilot2 (reference number 31) , 
instantaneous rail pressure p (reference number 32) , the fuel 
volume of main injection Main (reference number 33) and 

25 density rho of the fuel used (reference number 17) are 

supplied to the wave correction block as inputs. From the 
supplied fuel volumes (3 0, 31 and 33) and supplied fuel 
density rho (17) , the wave correction block first determines 
the pertinent fuel mass in signal blocks 30, 31 and 33, that 

30 fuel mass then being available as an output signal from each 

of blocks 30, 31 and 33. Figure 2 does not show the associated 
linkages with fuel density rho since there is an option to 
supply the determined fuel masses directly to the wave 
correction block. With reference to the drawing in Figure 1, 

35 this procedure would require that after each individual fuel 

volume has been determined, it be converted to individual fuel 



NY01 687694V1 



10 



MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 



masses before the individual fuel masses are combined in a 
summer (corresponds to block 14 in Figure 1) to yield a total 
fuel mass. In this case, each individual fuel mass would 
immediately be available as a signal. The final decision on 
5 which method to use will depend on the selection of those 

skilled in the art based on various influencing parameters, 
such as the runtime values of the controller. 

Instantaneous rail pressure 32 and the fuel mass of main 

10 injection 33 are supplied to a first quantity correction 
characteristic map 34 as input variables. The result from 
quantity correction characteristic map 34 is a first corrected 
quantity 35. The same input variables as were supplied to 
quantity correction characteristic map 34 are also supplied as 

15 inputs to a quantity correction characteristic map 36. The 

result from second quantity correction characteristic map 36 
is a second corrected quantity 37. The fuel mass of main 
injection 33 and the fuel mass of first pilot injection 30 are 
supplied as input variables to a third quantity correction 

20 characteristic map 38. The result from this third quantity 
correction characteristic map is a third corrected quantity 
39. First corrected quantity 35 and second corrected quantity 
37 are supplied to a first selector block 40. Third corrected 
quantity 39 is supplied to a second selector block 41. Second 

25 selector block 41 also receives a preset factor 42 as an input 
variable, which in this embodiment is set to zero. In other 
words, the output variable from first selector block 1 is 
either first corrected quantity 35 or second corrected 
quantity 37, and the output value from second selector block 

30 41 is either third corrected quantity 39 or preset value 42 
( = 0) . 

The fuel mass of second pilot injection 31 is supplied to a 
first input of a first query logic circuit 43, which then 
35 returns a *^High Level" as the output value when the first 

input value received by query logic circuit 4 3 is greater than 
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the second input value. A second preset value 44, zero in this 
exemplary embodiment, is supplied to first query logic circuit 
43 as a second input value. First query logic circuit 43 
functions in such a way that the result of query logic circuit 
5 43 indicates '^High Level" if fuel mass variable 31 is present. 
If the value for fuel mass 31 is absent, the output value from 
query logic circuit 43 is ^^Low Level" . 

The fuel mass of first pilot injection 30 is supplied to a 
10 first input of a second query logic circuit 49, which then 
returns a '^High Level" as the output value when the first 
input value received by query logic circuit 4 9 is greater than 
the second input value. A fourth preset value 50, which is set 
to zero in this embodiment, is supplied to second query logic 
15 circuit 49 as a second input value. Second query logic circuit 
49 functions in such a way that the result of query logic 
circuit 49 indicates a ^^High Level" if fuel mass value 30 is 
present. If the value for fuel mass 30 is absent, the output 
value from query logic circuit 49 is ^^Low Level." 

20 

The output signal from first query logic circuit 43 is 
supplied to a NOT gate 45. The output value from NOT gate 45 
is supplied to a gate input of first selector gate 40. When 
first selector gate 40 is in a neutral position (for a ^'Low 

25 Level" signal at the gate input) , it sends a signal of first 

correction quantity to block 35 as the output value from first 
selector gate 40. On the other hand, if a '^High Level" is at 
the gate input, second corrected quantity 37 is output as the 
output variable from first selector gate 40. The output value 

30 from first selector gate 40 is supplied to a summer 46. 

The output signal from second query logic circuit 4 9 is 
supplied to an input gate of second selector gate 41. When 
second selector gate 41 is in a neutral position (for a ^'Low 
35 Level" signal at the gate input) , it sends a signal of first 
preset value (in this case zero) to block 42 as the output 
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value from second selector gate 41. On the other hand, if a 
"High Level" is at the gate input, third corrected quantity 3 9 
is output as the output variable from second selector block 
41. The output value from second selector gate 41 is also 
5 supplied to summer 46. 

The output signals from query logic circuits 43 and 49 are 
also supplied to an OR gate 51, which has ''High Level" as the 
output signal if an output signal from query logic circuits 43 
10 and 4 9 also indicate ''High Signal" . If only "Low Signals" are 
present at the input of OR gate 51, the output of OR gate 51 
will also return only a "Low Signal." 

The output signal from summer 4 6 is supplied to a third 
15 selector block 47, which also receives a third preset value 48 
as an additional input value, set to zero in this embodiment. 
The output signal from OR gate 51 is supplied to the input of 
third selector block 47. When third selector gate 47 is in a 
neutral position (for a "Low Level" signal, at the gate input) , 
20 it returns the signal of the third preset value (i.e. zero) to 
block 48 as the output value from third selector gate 47. On 
the other hand, if a "High Level" is at the gate input, the 
output value from summer 4 6 is output as the output variable 
from third selector block 47. 

25 

The output signal from third selector block 47 is supplied to 
an output signal block 52 and represents the desired wave 
correction quantity that is used in the configuration 
according to Figure 1 . 

30 

Figure 3 shows a possible extension of the first embodiment in 
Figure 1 . In modern diesel engines equipped with exhaust 
af tertreatment systems, it may happen that the injector 
actuation period and in particular the actuation start may be 
35 modified so that they do not affect the torque. Theoretically, 
this condition may occur during all injection modes described 

NY01687694V1 MARKED-UP VERSION OF 

13 SUBSTITUTE SPECIFICATION 



earlier. In such cases, the start and duration of fuel 
injection actuation do not return an unequivocal analysis of 
the generated torques. For example, it is possible to retard 
the actuation start of the main injection from a few degrees 
5 before top dead center to a few degrees after top dead center 
to regenerate an exhaust af tertreatment system. This delay of 
the injection start does not affect the torque and results 
merely in an elevated combustion temperature which assists in 
the regeneration of the exhaust af tertreatment system. In 

.10 these instances it is thus necessary to consider the 

effectiveness of the actuation start and duration. This is 
accomplished by the method described in the embodiment in 
Figure 3. Actuation start 60 is supplied to an effectiveness 
characteristic map 61. This effectiveness characteristic map 

15 61 must be stored individually for each injection mode in the 
engine controller. The output value from the effectiveness 
characteristic map is a correction factor 62 which enables the 
determined fuel volumes as output variables of blocks 8, 9, 
10, 12 and 13 according to Figure 1 to be corrected. For 

20 example, it might be possible to extend the main injection by 
factor 2 while retarding the actuation start, as described 
earlier, from a few degrees before TDC to a few degrees after 
TDC. This modification to the main injection would have no 
impact on the torques which would necessitate the use of the 

25 correction factor 0.5, since the doubled fuel volume only 

results in the same torque. Also, an additional effectiveness 
characteristic map may be used for the injection duration, or 
a combined effectiveness characteristic map for the injection 
start and duration might be used. 

3d 

A further refinement of the method according to the present 
invention provides for a plausibility check of the fuel mass 
determined as shown in the exemplary embodiment of Figure 1. 
This may be assured, for example, by combining a lambda sensor 
35 value with the signal from a hot film air mass flow meter and 
the rotational speed while measuring the exhaust feedback 
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rate. In this way, a second, independent fuel mass variable 
can be determined. This in turn enables the mass of fuel 
actually injected to be calculated precisely within reasonable 
tolerances, thereby providing an average injected fuel mass 
5 derived from independent variables which may be used in a 

plausibility check of the fuel mass derived from the actuation 
data . 

In summary, the monitoring method according to the present 
10 invention provides a capability for continuous monitoring of 
torques throughout the entire speed range of the internal 
combustion engine. This increases the safety of the overall 
system and assures improved error response. 

15 In the context of this application, the comparison of torques 
was described on the basis of internal torques of the internal 
combustion engine. Nevertheless, the invention may be used for 
any given torque provided the torques are comparable. 

20 The input data according to Figure 1 is advantageously 

determined synchronously with the rotational speed. This 
measurement is carried out by the controller (not shown in the 
figures) of the internal combustion engine which is not 
included in the scope of this application. 

25 

The device according to the present invention is an internal 
combustion engine having a controller capable of performing 
the method according to the present invention. 

30 Besides the common rail systems, in which pressure buildup is 
initiated by the controller and, at the end of fuel metering, 
separated therefrom other systems are also known in which 
pressure buildup and the control of fuel metering are closely 
linked. These systems also require monitoring of the control 

35 unit such as is provided by the present invention. This 

applies in particular to the unit injector systems and/or unit 
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pump systems. In general, the method described herein may be 
used for all fuel metering systems in which the start and end 
of fuel metering are modified via a final controlling element. 
The actuation start of this final controlling element 
5 generally determines the start of fuel metering, and the 
actuation end is defined by the end of fuel metering. The 
period between the actuation start and finish is again defined 
by the quantity of fuel to be injected. 

10 Normally, the unit injector systems carry out only one main 
injection, one pilot injection and one post-injection. In 
theory, additional injections are also possible. In the 
following, this method will be described with reference to the 
example of the first pilot injection and the second post- 

15 injection. According to the present invention, this procedure 
may be applied to the other injection modes and/or to more or 
fewer partial injections. 

In the method described in the foregoing, with a common rail 

20 system, the essential influencing parameters are the fuel 
amount to be injected, the actuation time and the rail 
pressure- These variables are considered via the corresponding 
characteristic maps. Additional variables may also be taken 
into account, such as for example, rotational speed, fuel 

25 density, and/or temperature variations. In contrast to the 
foregoing, the present invention recognized that in a unit 
injector system, or a unit pump system, or generally in a 
system in which the pressure buildup is not decoupled from the 
fuel metering, the essential influencing variables on the fuel 

30 quantity are the actuation start and duration. The rotational 
speed, temperature, and/or the fuel density may also be taken 
into account in addition to these variables. Other variables 
that characterize the actuation start may also be used instead 
of the actuation start. In particular, a feed start signal may 

35 be used. 
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Using these variables, a default fuel mass QKV, also known as 
the virtual fuel mass, is set. Using this virtual fuel mass 
QKV as a reference, the actual torque is determined by torque 
characteristic map 21 as shown in Figure 1 and the 
5 plausibility check is performed on that basis. 

The method is described in greater detail in Figure 4. 
Elements that were described in the earlier figures are 
designated with the same reference numbers. Besides rotational 
10 speed 22, the actuation time for the main injection ti-Main, 
for the first pilot injection ti_Pilotl, and for the second 
post -inject ion ti_Post2, the corresponding actuation starts 
are also required. 

15 Actuation start FB_Main for the main injection has reference 
number 3B. This variable is supplied to a first mass 
calculation unit 200 together with rotational speed N and the 
actuation time ti_Main of the main injection. 

20 Actuation start FB_Pilotl for the first pilot injection has 

reference number 7B. Actuation start FB_Pilotl, actuation time 
ti_Pilotl of the first pilot injection and the engine speed 
are supplied to a second mass calculation unit 210. 

25 Actuation start FB__Post2 of a second post - inj ect ion has 
reference number 2B and is supplied to a third mass 
calculation unit 22 0 together with actuation time ti_Post2 and 
a rotational speed N. 

30 The first, second, and third mass calculation units store the 
fuel mass of the corresponding partial injections, depending 
on the rotational speed, actuation time and the associated 
actuation start. In a simple design, a three-dimensional 
characteristic map is provided for this purpose. Such a three- 

35 dimensional characteristic map may be implemented for example 
via several two-dimensional characteristic maps or curves. In 
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one embodiment, it is further possible to provide that the 
calculation be made via appropriate functions instead of a 
characteristic map, based on the described input variables- In 
this case, the characteristic map may be advantageously 
5 approximated with an n^^ degree polynomial . 

The output signal from second mass calculation unit 210 is 
supplied both to a first mass correction unit 215 and to a 
node 217. Similarly, the output signal from the third mass 

10 calculation unit is passed to a second mass correction unit 
225 and a second node 227. The first and second mass 
correction units, 215 and 225 respectively, each store a 
correction factor which is used to correct the output variable 
from the second mass calculation unit and the third mass 

15 calculation unit respectively in such a way that the mass 

signals incident at each of nodes 217, and 227 correspond to 
the fuel mass that will deliver a contribution to the torque - 
This is necessary because the fuel quantities during pilot 
injection and post -injection have less effect than those of 

20 the main injection. Consequently, larger fuel amounts must be 
injected during the pre- and post -inject ions than during main 
injection in order to achieve the same torque. This effect is • 
taken into account by mass correction units 215 and 225. 

25 It is further possible to provide for the injection of 

additional fuel for the exhaust af tertreatment system. This 
fuel may be used to condition the exhaust af tertreatment 
system, such as a particle filter, and/or an oxidation 
catalytic converter. This fuel mass is calculated by exhaust 

30 gas correction unit 235. 

The individual output signals from first mass calculation unit 
200, the node 217, node 227 and possibly exhaust gas 
correction unit 225 are totaled in nodes 218, 228 and 238. 
35 This means that there is a virtual fuel mass available at 

output from node 23 8 that corresponds to the fuel mass which 
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should have been apportioned in the main injection to produce 
a given torque . 

In node 248, the output signal from node 238 is combined with 
5 output signal TK from temperature correction unit 240. A 

signal from temperature sensor 242 is supplied to temperature 
correction unit 240. Other signals, such as rotational speed 
N, may be considered in addition to this signal. Based on the 
temperature, a factor is determined which takes into account 
10 the effect of the fuel temperature on the fuel mass. 

As an alternative to the described method, the individual 
output signals from the mass calculation units may be 
corrected accordingly. It is possible to use multiple 
15 correction factors for the various partial injections. 

The virtual fuel mass signal after temperature correction is 
then transmitted to torque characteristic map 21, as shown in 
Figure 1. This method presents an advantage since there are 

2 0 certain systems in which pressure buildup is not decoupled 
from fuel metering, and the injected fuel amount depends 
primarily on the injection actuation start angle. This 
dependency is not the case in common rail systems. In these 
systems, only the torque that is produced by a given quantity 

25 of fuel is dependent on the actuation start. In this case, the 
fuel mass depends on the actuation start to a much greater 
degree than in coupled systems . 

In the method described in Figure 1, the fuel temperature is 
30 included in the calculation of the fuel mass, based on the 
volume. This is normally taken into account via the fuel 
density. In unit injector systems, or coupled systems, the 
fuel temperature has a much greater influence and as such is 
taken into account via a separate correction factor. 
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The particular advantage of this method is that the 
characteristic maps used are often also used to control the 
fuel injection. 
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Abstract 



Abstract of the Disclosure 



A method for monitoring an internal combustion engine is 
described in which fuel is injected directly into at least one 
combustion chamber in at least two partial injections via at 
least one final controlling element, in which an actual torque 
is determined at least on the basis of one fuel mass that is 
to be injected and/or has been injected, such actual torque 
being compared with a permitted torque of the internal 
combustion engine and an error response being initiated if the 
actual torque is in a predefined ratio to the permitted 
torque. A corresponding application of the method for 
monitoring an internal combustion engine as well as a 
corresponding device are also described. 

(Fi g ur e 1) 
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